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1. Introduction
In the last few years a new type of string theory has been proposed [1]. In contrast with
traditional string theories, this new model contains only a finite number of states, namely,
only the massless modes. Also, it has been shown that this string theory reproduces the
scattering formulæ of Cachazo et.al. [2,3,4] for tree level massless field theories in ten
dimensions.
The state-operator correspondence of conformal field theories imply that the states
used to compute scattering amplitudes can also be used to deform the worldsheet action.
This was investigated in [5] where it was found that the closure of worldsheet symmetry
algebra gives the bosonic part of the ten dimension supergravity equations of motion. The
most interesting aspect of the computation is that it is an exact result. There are no α′
corrections to these equations. This comes from the fact that there are no massive states
to be integrated over.
In a previous paper [6] we described how to couple pure spinor version of the am-
bitwistor string [7] to a general type II supergravity background. We found BRST sym-
metry was not enough to impose constraints on the background, as opposed to the usual
case [8]. In flat space it appears that only BRST symmetry is enough to impose on-shell
conditions on the vertex operators. However, we found out that there exist additional local
symmetries which cannot be ignored in curved space. We called the generators of these
symmetries K and H. K is a ghost number one charge and H is a conformal weight two
current. Nilpotency of the BRST charge Q determined the nilpotency constraints of [8]
associated to the torsion and the curvature. While the nilpotency constraints of [8] asso-
ciated to the Kalb-Ramond field came from BRST invariance of K. Then, nilpotency of
Q+K should provide all the nilpotency constraints of [8]. In this case, Q+K should be the
BRST charge of the theory [9]. It remains to find a new H which is BRST invariant under
the new BRST charge. We will construct such operator here and its BRST invariance gives
the holomorphicity constraints of [8]. Note that, the model the we consider is holomorphic,
then holomorphicity of the BRST current is automatic. In [6], it was suggested that the
constraints associated to the conservation of the BRST current in the normal pure spinor
string in a curved background [8], are replaced by the existence of a BRST invariant and
conformal weight two world-sheet field, which corresponds to H. It would be interesting
to understand the origin of this field and to relate it with the mass-shell condition. In this
way, we complete the program suggested in [6].
This paper is organized as follows. In Section 2 we give a brief description of the
ambitwistor pure spinor string in flat background. We also describe the necessary mod-
ifications to supersymmetry transformations in order to preserve the new BRST charge.
In Section 3 we discuss the supergravity background and the new H constraint. Then we
show that nilpotency of the new BRST change and BRST invariance of the H imply all
supergravity constraints. We conclude the paper in Section 4 with some open questions to
be addressed in the future.
2. Ambitwistor superstring in a flat background
The ambitwistor superstring in a flat background is described by the world-sheet
1
action
S =
∫
d2z
(
Pm∂X
m + pα∂θ
α + p̂
α̂
∂θ̂α̂ + ωα∂λ
α + ω̂
α̂
∂λ̂α̂
)
, (2.1)
where (X, θ, θ̂) are the coordinates of the flat ambitwistor superspace, (P, p, p̂) are the
momentum conjugate variables of (X, θ, θ̂). The pure spinor variables (λ, λ̂) are constrained
by λγmλ = λ̂γmλ̂ = 0, where the matrices γmαβ and γ
m
α̂β̂
are the 16× 16 symmetric gamma
matrices in ten dimensions. The variables (ω, ω̂) are the momentum conjugate variables
of the pure spinors. In [7], the usual pure spinor BRST charge was used to quantize this
system. The BRST charge is given by
Q =
∮ (
λαdα + λ̂
α̂d̂
α̂
)
, (2.2)
where
dα = pα −
1
2
Pm(γ
mθ)α, d̂α̂ = p̂α̂ −
1
2
Pm(γ
mθ̂)
α̂
. (2.3)
It was noted in [6] that the action (2.1) has a symmetry generated by∮ (
λα(∂XmBmα + ∂θ̂
β̂B
β̂α
+ · · ·) + λ̂α̂(∂XmB
mα̂
+ ∂θβB
βα̂
+ · · ·)
)
, (2.4)
where B is the Kalb-Ramond potential in flat space and the terms · · · make (2.4) super-
symmetric and BRST invariant. Note that (2.1) has a further BRST invariant symmetry
generated by
H = −
1
2
PmP
m. (2.5)
In [6], the action (2.1), the BRST charge (2.2) and the symmetry (2.4) were generalized
to curved background. The background supergeometry is constrained by imposing BRST
invariance. It was found that nilpotency of the BRST charge and BRST invariance of
the curved space version of (2.4) impose the so-called ‘nilpotency’ constraints of type
II supergravity in [8]. Part of the remaining constraints of type II supergravity were
determined in [6] by imposing BRST invariance of the curved space version of (2.5). The
‘holomorphic’ constraints of [8] involving H = dB were not obtained. Our purpose is to
determine these constraints. To achieve this, it is necessary to modify the BRST charge
and supersymmetry in flat space first. The idea is that the BRST charge is the sum of
(2.2) and the generator of (2.4). Another way to see this is to modify (2.3) to
dα = pα −
1
2
(Pm − ∂Xm)(γ
mθ)α +
1
4
(θγm∂θ)(γ
mθ)α, (2.6)
d̂
α̂
= p̂
α̂
−
1
2
(Pm + ∂Xm)(γ
mθ̂)
α̂
−
1
4
(θ̂γm∂θ̂)(γ
mθ̂)
α̂
.
It is necessary that (p, p̂, P ) transform under space-time supersymmetry to make (d, d̂)
supersymmetry invariant. The supersymmetry transformations are given by
δθα = εα, δθ̂α̂ = ε̂α̂, δXm = −
1
2
εγmθ −
1
2
ε̂γmθ̂. (2.7)
2
The supersymmetric generalization of ∂Xm is
Πm = ∂Xm +
1
2
θγm∂θ +
1
2
θ̂γm∂θ̂, (2.8)
and similarly for ∂Xm. It turns out that d, d̂ and the action are supersymmetric if (p, p̂, P )
transform as
δpα =
1
2
(Pm − ∂Xm)(γ
mε)α +
1
4
(εγmθ)(γm∂θ)α, (2.9)
δp̂
α̂
=
1
2
(Pm + ∂Xm)(γ
mε̂)
α̂
−
1
4
(ε̂γmθ̂)(γm∂θ̂)α̂, (2.10)
δPm =
1
2
εγm∂θ −
1
2
ε̂γm∂θ̂. (2.11)
Besides Π, d, d̂, there are other two supersymmetric combinations. They are
P−m = Pm − ∂Xm − θγm∂θ, P
+
m = Pm + ∂Xm + θ̂γm∂θ̂. (2.12)
Note that the supersymmetric world-sheet fields P±,Π are not independent. They satisfy
P+m − P
−
m = 2Πm.
The non zero OPE’s between the supersymmetric variables are
dα(y)dβ(z)→ −
1
(y − z)
γmαβP
−
m , d̂α̂(y)d̂β̂(z)→ −
1
(y − z)
γm
α̂β̂
P+m , (2.13)
dα(y)Π
m(z)→
1
(y − z)
(γm∂θ)α, d̂α(y)Π
m(z)→
1
(y − z)
(γm∂θ̂)
α̂
, (2.14)
dα(y)P
−
m(z)→ −
1
(y − z)
2(γm∂θ)α, d̂α̂(y)P
+
m(z)→
1
(y − z)
2(γm∂θ̂)α̂, (2.15)
Πm(y)P−n (z)→ −
1
(y − z)2
δmn , Π
m(y)P+n (z)→ −
1
(y − z)2
δmn , (2.16)
P−m(y)P
−
n (z)→
1
(y − z)2
2ηmn, P
+
m(y)P
+
n (z)→ −
1
(y − z)2
2ηmn. (2.17)
Using the supersymmetric variables, the action (2.1) can be written as
S =
∫
d2z [
1
2
(P−m + P
+
m)Π
m
+ dα∂θ
α + d̂
α̂
∂θ̂α̂ + ωα∂λ
α + ω̂
α̂
∂λ̂α̂ (2.18)
+
1
2
(θγm∂θ)Π
m
−
1
2
(θγm∂θ)Π
m −
1
2
(θ̂γm∂θ̂)Π
m
+
1
2
(θ̂γm∂θ̂)Π
m
−
1
4
(θγm∂θ)(θ̂γm∂θ̂) +
1
4
(θγm∂θ)(θ̂γm∂θ̂) ].
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Note that the last two lines can be expressed as
∫
ΠAΠ
B
BBA, where B is the Kalb-
Ramond field in a flat space-time. We now verify that the action (2.18) is supersymmetric
and BRST invariant. Under the former, the action changes to∫
d2z [
1
2
(εγm∂θ)Π
m
−
1
2
(εγm∂θ)Π
m −
1
2
(ε̂γm∂θ̂)Π
m
+
1
2
(ε̂γm∂θ̂)Π
m
−
1
4
(εγm∂θ)(θ̂γm∂θ̂)−
1
4
(θγm∂θ)(ε̂γm∂θ̂) +
1
4
(εγm∂θ)(θ̂γm∂θ̂) +
1
4
(θγm∂θ)(ε̂γm∂θ̂) ].
Consider the terms involving ε. The terms with X are proportional to∫
d2z
(
(εγm∂θ)∂X
m − (εγm∂θ)∂X
m
)
,
which vanishes after integrating by parts. The other terms involving ε are proportional to∫
d2z
(
(εγm∂θ)(θγ
m∂θ)− (εγm∂θ)(θγ
m∂θ)
)
.
If we use the Fierz identity for gamma matrices3, this expression is equal to∫
d2z (εγmθ)(∂θγ
m∂θ).
If, instead of this, we integrate by parts we obtain that the same expression is equal to∫
d2z − 2(εγmθ)(∂θγ
m∂θ).
Therefore, something that is equal to −2 times itself has to vanish. A similar calculation
is obtained for the terms involving ε̂ in the supersymmetric variation of (2.18).
To verify the BRST variation of the action, we need the BRST transformations of the
world-sheet fields. They can be obtained by using the OPE’s (2.13)-(2.17)4 . We obtain
that (λ, λ̂) are invariant, Qθ = λ,Qθ̂ = λ̂, Qω = d,Qω̂ = d̂ and
QΠm = λγm∂θ + λ̂γm∂θ̂, QP−m = −2λγm∂θ, QP
+
m = 2λ̂γm∂θ̂, (2.19)
Qdα = −(λγ
m)αP
−
m , Qd̂α̂ = −(λ̂γ
m)
α̂
P+m .
Using the above transformations it is straightforward to verify that the action is invariant
under the BRST transformations. Note that the variable Pm is no longer BRST invariant.
Its transformation is given by
QPm = −
1
2
∂(λγmθ − λ̂γmθ̂). (2.20)
3 Namely, γm(αβγ
n
γ)δηmn = 0.
4 The BRST transformation of a world-sheet field Ψ is defined and computed as QΨ(z) ≡∮
dy j(y)Ψ(z), where j is the integrand of the BRST charge (2.2) with the definitions (2.6).
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The immediate consequence is that (2.5) is no longer BRST invariant and needs to be
modified. It is replaced by
H = −
1
4
P−mP
m
− −
1
4
P+mP
m
+ + dα∂θ
α − d̂
α̂
∂θ̂α̂ + ωα∂λ
α − ω̂
α̂
∂λ̂α̂, (2.21)
which is supersymmetric and BRST invariant. Note that H looks like the stress-tensor but
it is independent of it.
In the next section we will study the above model in a curved background. The type
II supergravity constraints will be obtained by the nilpotency of the BRST charge and
BRST invariance of the curved space version of (2.21).
3. Ambitwistor superstring on a type II supergravity background
In this section we study the model described above in a generic curved background.
The action is the covariantization of (2.18), that is
S =
∫
d2z
(
PaΠ
a
−ΠAΠ
B
BBA + dαΠ
α
+ d̂
α̂
Π
α̂
+ ωα∇λ
α + ω̂
α̂
∇λ̂α̂
)
, (3.1)
where Π
A
= ∂ZMEM
A, with EM
A being the vielbein superfield, and ZM are the coor-
dinates of the curved ten-dimensional superspace. The covariant derivatives are defined
with the background Lorentz connections, that is,
∇λα = ∂λα + λβΩβ
α, ∇λ̂α̂ = ∂λ̂α̂ + λ̂β̂Ω
β̂
α̂, (3.2)
where Ωβ
α = ∂ZMΩMβ
α and Ω
β̂
α̂ = ∂ZMΩ
Mβ̂
α̂.
Note that (3.1) is reduced to (2.18) in the flat space limit. To verify this, we express
P, d, d̂ in terms of canonical conjugate variables (λ, ω), (λ̂, ω̂) and (ZM , PM ). Recall that
PM is given by
(−1)MPM = EM
aPa − EM
αdα − EM
α̂d̂α +Π
ABAM +ΩMα
βλαωβ + ΩMα̂
β̂ λ̂α̂ω̂
β̂
.
The values of the background fields in flat space are known. The spin connection Ω
vanishes, the non-zero components of the B field are
Bmα =
1
2
(γmθ)α, Bmα̂ = −
1
2
(γmθ̂)α̂, Bαβ̂ = −
1
4
(γmθ)α(γmθ̂)β̂,
and the non-zero components of the vielbein are
Em
a = δam, Eµ
α = δµ
α, E
µ̂
α̂ = δα̂
µ̂
, Eµ
a = −
1
2
(γaθ)µ, Eµ̂
a = −
1
2
(γaθ̂)
µ̂
.
Using these values, one can check that d, d̂ become (2.6), and P becomes 12(P− + P+).
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A field redefinition of d, d̂ and P can eliminate BAB from the action, but this changes
Q and H defined bellow. We found it is simpler to keep BAB in (3.1).
The BRST charge is
Q =
∮ (
λαdα + λ̂
αd̂
α̂
)
. (3.3)
The BRST transformations5 of the pure spinor variables are
Qλα = −λβΣβ
α, Qωα = dα + Σα
βωβ , (3.4)
Qλ̂α̂ = −λ̂β̂Σ̂
β̂
α̂, Qω̂
α̂
= dα + Σ̂α̂
β̂ω̂
β̂
, (3.5)
where
Σα
β = λγΩγα
β + λ̂γ̂Ω
γ̂α
β , Σ̂
α̂
β̂ = λγΩ
γα̂
β̂ + λ̂γ̂Ω
γ̂α̂
β̂ , (3.6)
are field-dependent Lorentz rotations.
The BRST transformations of the other fields are given by
Qdα = (λ
βTβα
a + λ̂β̂T
β̂α
a)Pa − (λ
βTβα
γ + λ̂β̂T
β̂α
γ)dγ − (λ
βTβα
γ̂ + λ̂β̂T
β̂α
γ̂)d̂
γ̂
(3.7)
+(λβRβαγ
δ+λ̂β̂R
β̂αγ
δ)λγωδ+(λ
βR
βαγ̂
δ̂+λ̂β̂R
β̂αγ̂
δ̂)λ̂γ̂ω̂
δ̂
−λβΠAHAβα−λ̂
β̂ΠAH
Aβ̂α
+Σα
βdβ,
Qd̂
α̂
= (λβT
βα̂
a + λ̂β̂T
β̂α̂
a)Pa − (λ
βT
βα̂
γ + λ̂β̂T
β̂α̂
γ)dγ − (λ
βT
βα̂
γ̂ + λ̂β̂T
β̂α̂
γ̂)d̂
γ̂
(3.8)
+(λβR
βα̂γ
δ+λ̂β̂R
β̂α̂γ
δ)λγωδ+(λ
βR
βα̂γ̂
δ̂+λ̂β̂R
β̂α̂γ̂
δ̂)λ̂γ̂ω̂
δ̂
−λβΠAH
Aβα̂
−λ̂β̂ΠAH
Aβ̂α̂
+Σ
α̂
β̂ d̂
β̂
,
QPa = −(λ
βTβa
b + λ̂β̂T
β̂a
b)Pb + (λ
βTβa
γ + λ̂β̂T
β̂a
γ)dγ + (λ
βTβa
γ̂ + λ̂β̂T
β̂a
γ̂)d̂
γ̂
(3.9)
−(λβRβaγ
δ+λ̂β̂R
β̂aγ
δ)λγωδ−(λ
βR
βaγ̂
δ̂+λ̂β̂R
β̂aγ̂
δ̂)λ̂γ̂ω̂
δ̂
+λβΠAHAβa+λ̂
β̂ΠAH
Aβ̂a
+Σa
bPb.
where TA is the torsion superfield, RA
B is the curvature superfield and H = dB. Recall
that the torsion and curvature super two-forms are given in terms of the super one-forms
vielbein EA and connection ΩA
B according to
TA = dEA +EBΩB
A, RA
B = dΩA
B +ΩA
CΩC
B ,
where the wedge product between super forms is assumed and d = dZM∂M is the exterior
derivative in superspace.
The computation of Q2 can be obtained by applying Q to itself and using (3.7) and
(3.8). We obtain
Q2 =
∮
[ λαλβ(Tαβ
aPa−Tαβ
γdγ−Tαβ
γ̂ d̂
γ̂
+Rαβγ
δλγωδ+Rαβγ̂
δ̂λ̂γ̂ω̂
δ̂
−ΠAHAαβ) (3.10)
5 The BRST transformation for a world-sheet field Ψ is defined and obtained as QΨ =
∮
{j,Ψ}
where {· · ·} represents the Poisson bracket which is canonical for the pairs (P,Z), (λ.ω̂) and (λ̂, ω̂).
Some detail about these kind of computations can be found in [10].
6
+λ̂α̂λ̂β̂(T
α̂β̂
aPa − Tα̂β̂
γdγ − Tα̂β̂
γ̂ d̂
γ̂
+R
α̂β̂γ
δλγωδ +Rα̂β̂γ̂
δ̂λ̂γ̂ ω̂
δ̂
−ΠAH
Aα̂β̂
)
+2λαλ̂β̂(T
αβ̂
aPa − Tαβ̂
γdγ − Tαβ̂
γ̂ d̂
γ̂
+R
αβ̂γ
δλγωδ +Rαβ̂γ̂
δ̂λ̂γ̂ω̂
δ̂
− ΠAH
Aαβ̂
) ].
Therefore, the nilpotency of Q implies the constraints
λαλβTαβ
A = λαλβHαβA = λ
αλβR
αβγ̂
δ̂ = λαλβλγRαβγ
δ = 0, (3.11)
λ̂α̂λ̂β̂T
α̂β̂
A = λ̂α̂λ̂β̂H
α̂β̂A
= λ̂α̂λ̂β̂R
α̂β̂γ
δ = λ̂α̂λ̂β̂λ̂γ̂R
α̂β̂γ̂
δ̂ = 0, (3.12)
T
αβ̂
A = H
αβ̂A
= λαλβR
γ̂αβ
δ = λ̂α̂λ̂β̂R
γα̂β̂
δ̂ = 0, (3.13)
which are part of the type II supergravity constraints.
The remaining type II supergravity constraints come from the BRST invariance of the
curved space generalization of (2.21). It is given by
H = −
1
2
ηabPaPb + dαd̂β̂P
αβ̂ + dαλ̂
β̂ω̂
γ̂
Ĉ
β̂
γ̂α + d̂
α̂
λβωγCβ
γα̂ + λαωβλ̂
γ̂ ω̂
δ̂
S
αγ̂
βδ̂, (3.14)
+dαΠ
α − d̂
α̂
Πα̂ + ωα∇λ
α − ω̂
α̂
∇λ̂α −
1
2
ΠaΠ
a.
The superfields (P,C, Ĉ, S) are constrained as consequence of the BRST invariance of
H. It turns out that they are the same superfields appearing in [8], that is, P contains
the Ramond-Ramond field-strengths of type II supergravity, C, Ĉ contain the dilatini and
gravitini field-strengths of type II supergravity and S contains the curvature of type II
supergravity.
Using the BRST transformations of the world-sheet fields, one obtains that Q acting
on (3.14) gives
QH =
1
2
λα(PaPb − ΠaΠb)Tα(ab) +
1
2
λ̂α̂(PaPb − ΠaΠb)T
α̂(ab)
(3.15)
−λαPaΠbHαab − λ̂
α̂PaΠbH
α̂ab
+ λα(Pa +Πa)dβTaα
β + λ̂α̂(Pa − Πa)d̂
β̂
T
aα̂
β̂
−λα(Pa +Πa)λβωγRaαβ
γ − λα̂(Pa − Πa)λ̂β̂ω̂
γ̂
R
aα̂β̂
γ̂
+λα((Pa +Πa)Πβ + d̂
γ̂
ΠaP βγ̂ + λ̂γ̂ω̂
δ̂
ΠaĈ
γ̂
δ̂β)(Tβαa −Hβαa)
−λ̂α̂((Pa −Πa)Πβ̂ − dγΠ
aP γβ̂ + λγωδΠ
aCγ
δβ̂)(T
β̂α̂a
+H
β̂α̂a
)
+2dβ λ̂
δ̂(Πρ̂ +
1
2
dγP
γρ̂ −
1
2
λγωσCγ
σρ̂)(T
δ̂ρ̂
β +
1
2
P βα̂H
α̂δ̂ρ̂
)
−2d̂
β̂
λδ(Πρ +
1
2
d̂
γ̂
P ργ̂ +
1
2
λ̂γ̂ ω̂
σ̂
Ĉ
γ̂
σ̂ρ)(Tδρ
β̂ +
1
2
Pαβ̂Hαδρ)
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+λ̂α̂(Pa +Πa)dβ(Taα̂
β − T
α̂γ̂a
P βγ̂) + λα(Pa − Πa)d̂
β̂
(Taα
β̂ + TαγaP
γβ̂)
+λα̂(Pa +Πa)λβωγ(−Raα̂β
γ + T
α̂δ̂a
Cβ
γα̂) + λα(Pa −Πa)λ̂β̂ω̂
γ̂
(−R
aαβ̂
γ̂ + TαδaĈβ̂
γ̂δ)
−2λ̂δ̂λβωγ(Π
ρ̂+
1
2
dσP
σρ̂)(R
ρ̂δ̂β
γ−
1
2
Cβ
γα̂H
α̂ρ̂δ̂
)+2λδλ̂β̂ω̂
γ̂
(Πρ+
1
2
d̂
σ̂
P ρσ̂)(R
ρδβ̂
γ̂+
1
2
Ĉ
β̂
γ̂αHαρδ)
+λαdβ d̂γ̂(∇αP
βγ̂ − Tαδ
βP δγ̂ + Cα
βγ̂) + λ̂α̂dβ d̂γ̂(∇α̂P
βγ̂ − T
α̂δ̂
γ̂P βδ̂ − Ĉ
α̂
γ̂β)
−λ̂α̂dβ λ̂
γ̂ω̂
δ̂
(∇
α̂
Ĉ
γ̂
δ̂β +R
ρ̂α̂γ̂
δ̂P βρ̂)− λαd̂
β̂
λγωδ(∇αCγ
δβ̂ −Rραγ
δP ρβ̂)
+λαdβ λ̂
γ̂ω̂
δ̂
(−R
ρ̂αγ̂
δ̂P βρ̂ + Tαρ
βĈ
γ̂
δ̂ρ −∇αĈγ̂
δ̂β + S
αγ̂
βδ̂)
+λ̂α̂d̂
β̂
λγωδ(Rρα̂γ
δP ρβ̂ + T
α̂ρ̂
β̂Cγ
δρ̂ −∇
α̂
Cγ
δβ̂ + S
γα̂
δβ̂)
+λαλβωγ λ̂
δ̂ω̂
ρ̂
(Rσαβ
γĈ
δ̂
ρ̂σ +R
σ̂αδ̂
ρ̂Cβ
γσ̂ +∇αSβδ̂
γρ̂)
+λ̂α̂λβωγ λ̂
δ̂ω̂
ρ̂
(R
σα̂β
γĈ
δ̂
ρ̂σ +R
σ̂α̂δ̂
ρ̂Cβ
γσ̂ +∇
α̂
S
βδ̂
γρ̂).
Therefore, BRST invariance of H implies the holomorphic constraints for type II super-
gravity of [8]. They are,
Tα(ab) = Taα
β = Taα
β̂ + TαγaP
γβ̂ = λαλβRaαβ
γ = 0, (3.16)
Hαab = Hα̂ab = Tβαa −Hβαa = Tβ̂α̂a +Hβ̂α̂a = 0, (3.17)
T
α̂(ab)
= T
aα̂
β̂ = T
aα̂
β − T
α̂γ̂a
P βγ̂ = λ̂α̂λ̂β̂R
aα̂β̂
γ̂ = 0, (3.18)
R
aα̂β
γ − T
α̂δ̂a
Cβ
γα̂ = R
aαβ̂
γ̂ − TαδaĈβ̂
γ̂δ = 0, (3.19)
Tγα
β̂ +
1
2
P δβ̂Hδγα = Tγ̂α̂
β +
1
2
P βδ̂H
γ̂δ̂α̂
= 0, (3.20)
R
δαβ̂
γ̂ +
1
2
Ĉ
β̂
γ̂ρHρδα = Rδ̂α̂β
γ −
1
2
Cβ
γρ̂H
ρ̂δ̂α̂
= 0. (3.21)
∇αP
βγ̂ − Tαδ
βP δγ̂ + Cα
βγ̂ = ∇
α̂
P βγ̂ − T
α̂δ̂
γ̂P βδ̂ − Ĉ
α̂
γ̂β = 0, (3.22)
∇αĈγ̂
δ̂β − Tαρ
βĈ
γ̂
δ̂ρ +R
ρ̂αγ̂
δ̂P βρ̂ − S
αγ̂
βδ̂ = 0, (3.23)
∇
α̂
Cγ
δβ̂ − T
α̂ρ̂
β̂Cγ
δρ̂ −R
ρα̂γ
δP ρβ̂ − S
γα̂
δβ̂ = 0, (3.24)
λαλβ(∇αCβ
γδ̂ −Rραβ
γP ρδ̂) = λ̂α̂λ̂β̂(∇
α̂
Ĉ
β̂
δγ̂ +R
ρ̂α̂β̂
γ̂P δρ̂) = 0, (3.25)
λαλβ(Rσαβ
γĈ
δ̂
ρ̂σ +R
σ̂αδ̂
ρ̂Cβ
γσ̂ +∇αSβδ̂
γρ̂) = 0, (3.26)
λ̂α̂λ̂γ̂(R
σα̂β
γĈ
δ̂
ρ̂σ +R
σ̂α̂δ̂
ρ̂Cβ
γσ̂ +∇
α̂
S
βδ̂
γρ̂) = 0. (3.27)
The constraints (3.11)-(3.13) and (3.16)-(3.27) imply that the background satisfies the
equations of type II supergravity in ten-dimensional superspace [8].
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4. Conclusion and further directions
In this paper we have described how to obtain on-shell type II supergravity from a
reduced set of worldsheet constraints. The computation is done at semi-classical level
and it is likely that a full quantum computation will require a modified version of the
constraints, as in [5]. It would be very interesting to understand how possible quantum
corrections cancel in order to preserve all the constraints. We plan to investigate this
problem in the future.
However, the most important issue to understand regards physical states and vertex
operators. The vertices discussed by Berkovits in [7] are no longer physical. Furthermore,
the integrated version does not appear to have Bmn potential and its BRST invariance does
not fix completely the prepotentials Aα and Âα̂. If we compare with the usual pure spinor
string, the set of constraints we obtain from H is the same set obtained from conservation
of the BRST charge [8]. This is directly related to the action and we know that in the usual
case fluctuations of the action define the integrated vertex operator. It is likely that for
the ambitwistor string the integrated vertex operator is given by fluctuations of H. This
seems to be the case for the original Mason-Skinner string. The unusual delta function in
the integrated vertex operators seem to be related to the Lagrange multiplier for the H
constraint. It would be useful to make this connection clearer in the path integral with
the inclusion of a Nakanishi-Lautrup field.
Another interesting question is how the AdS5 × S
5 case is modified. In [6] we have
shown that the sigma model for this background is much simpler than the usual case, the
global PSU(2, 2|4) symmetry is promoted to a chiral Kac-Moody symmetry. Furthermore,
the H constraint was shown to be the square of the Kac-Moody current, like a Sugawara
current. It is not clear if this will continue to hold after the modifications discussed in the
present work. Since modified the supersymmetry transformation, it is likely that we will
have to modify the PSU(2, 2|4) symmetry.
Note added: After the present work was made public, the paper [11] appered. In
that work the author gives further evidence that the coholomology of the original BRST
charge of [7] does not give the correct spectrum. Following the ideas presented here, the
author constructs a pair of b-ghosts and shows that the stress-energy tensor of the model
described here is BRST-exact. We hope that we can use these results together with the
ideas described in the paragraph above to construct the correct vertex operators for the
ambitwistor pure spinor string.
Acknowledgements: We would like to thank Nathan Berkovits for useful discussions and
comments. This work is partially supported by FONDECYT grants 1120263 and 1151409
and CONICYT grant DPI2014115.
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